
Frontiers in Oncology | www.frontiersin.org

Edited by:
Anjali Mishra,

Sidney Kimmel Cancer Center,
United States

Reviewed by:
Kavita Umrau,

Memorial Sloan Kettering Cancer
Center, United States

Renato Zambello,
University of Padua, Italy

*Correspondence:
Georg Hopfinger
georg.hopfinger@

gesundheitsverbund.at
Johanna Schreiber

johanna.schreiber1@
gesundheitsverbund.at;

johanna.schreiber@meduniwien.ac.at

Specialty section:
This article was submitted to
Hematologic Malignancies,

a section of the journal
Frontiers in Oncology

Received: 30 October 2021
Accepted: 18 January 2022

Published: 10 February 2022

Citation:
Schreiber J, Pichler A,

Kornauth C, Kaufmann H,
Staber PB and Hopfinger G
(2022) T-Cell Large Granular
Lymphocyte Leukemia: An

Interdisciplinary Issue?
Front. Oncol. 12:805449.

doi: 10.3389/fonc.2022.805449

OPINION
published: 10 February 2022

doi: 10.3389/fonc.2022.805449
T-Cell Large Granular Lymphocyte
Leukemia: An Interdisciplinary Issue?
Johanna Schreiber1,2*, Alexander Pichler2, Christoph Kornauth3, Hannes Kaufmann1,
Philipp B. Staber2 and Georg Hopfinger1*

1 Department of Internal Medicine III, Division of Hematology and Oncology, Klinik Favoriten, Vienna, Austria, 2 Department of
Medicine I, Division of Hematology, Medical University of Vienna, Vienna, Austria, 3 Department of Pathology, Medical
University of Vienna, Vienna, Austria

Keywords: large granular lymphocyte (LGL), T-LGL leukemia, STAT3, rheumatoid arthritis, neutropenia, splenomegaly
INTRODUCTION

Large granular lymphocytic leukemia (LGLL) is an indolent and rare lymphoproliferative disorder
of mature cytotoxic T-cells or Natural Killer (NK)-cells accounting for 2-5% of chronic
lymphoproliferative disorders in North America and Europe (1, 2).

LGLL is associated in up to 15-40% with autoimmune disorders, with rheumatoid arthritis (RA)
being the most common (10-18%). Rheumatoid factor (RF) and antinuclear antibody (ANA) are
detected in about half of the patients (1). As symptoms are nonspecific, diagnosis can be delayed. A
close collaboration with a specialist in hematology is recommended.

According to the WHO classification 2017 (3), LGLL is divided into T-LGL leukemia (T-LGLL,
85%), chronic lymphoproliferative disorder of NK-cells (CLPD-NK, 10%) and the more aggressive
NK-LGL leukemia (ANKL, 5%). T-LGLL and CLPD-NK have a median age of 60 years and tend to
have an indolent course, whereas aggressive NK-LGL leukemia more often affects younger patients
and is highly associated with EBV (3–6).

LGL leukemia (LGLL) should be considered in patients with marked neutropenia,
lymphocytosis, recurrent infections, anemia and autoimmune disorders. Typical “B” symptoms
are seen in only 20-30% of LGLL patients (7). Most patients with T-LGLL present with chronic
neutropenia resulting in recurrent infections but courses without any infections are possible (1, 8, 9).
Lymphocytosis is observed in about 50%, thrombocytopenia in < 25% and anemia in 10-30% of LGL
patients. Splenomegaly is seen in about a quarter of patients, whereas hepatomegaly and
lymphadenopathy are rare (1, 2, 8, 10).

Diagnosis is based on cytology (blood smear), flow cytometry of peripheral blood and detection
of clonality of T-cell receptor (TCR) rearrangement (see Figure 1).

Large granular lymphocytes represent a morphological subtype that are larger (15-18µm) than
most circulating lymphocytes (7-10µm). LGL cells show an abundant cytoplasm containing
prominent azurophilic granules and a round or reniform nucleus with mature chromatin (see
Figure 1) (9).

Most patients present with a persistent increased number of circulating LGL ranging from 1-6 G/
L. According to the 2017 WHO classification (12), a threshold of > 2 G/L (normal: <0.3 G/L)
persistent circulating LGLs for more than 6 months is mandatory. However, numerous patients
have a lower number of clonal LGLs, typically presenting with other clinical or hematologic features
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such as RA or cytopenia. Accordingly, cases with LGL counts
of <2 G/L meeting all other criteria are consistent with diagnosis
as well (13).

The majority of T-LGL cells are CD3+, CD8+, CD16+,
CD57+, CD45RA+, TCRab+, and CD4-, CD56-, CD27-,
CD45R0-, CD28-, CD62L-, CD5dim and/or CD7dim. Rarely
LGLL is CD4+ with or without coexpression of CD8. NK-LGL
leukemia and NK-LGL lymphocytosis are characterized by the
following phenotype: CD2+, CD3−, CD3ϵ+, TCRab−,CD4−,
CD8+, CD16+, CD56+, CD57+/- (1).

Diagnosis is confirmed by detection of TCR rearrangement by
PCR allowing distinguishing reactive LGL proliferation from real
leukemic proliferation. The majority are ab variants, while 10%
are gd variants (14). Clonality can also be assessed by flow
cytometry for different TCR chain domains (Vb, Vg, Vd) using
various antibodies. The current Vb mAbs panel covers 65% of
the Vb spectrum (15). Detection of gdTCR and its subtypes (Vd1
and Vd2) at protein level by flow cytometry represents a fast
practical method for determining the clonality of gd T-cells (16).
As NK-LGL do not express TCR, restricted expression of
activating isoforms of killer immunoglobulin-like receptor
(KIR) can be used (17).

Bone marrow aspirate and/or biopsy with immunohistochemistry
is not routinely recommended but can support the diagnosis in
uncertain cases. Typical features observed in case of bone marrow
infiltration of LGLL are hypercellularity with individual or small
clusters of LGLs localized primarily in sinusoids. Often, reactive,
predominantly CD20+ B-lymphoid aggregates are seen with
peripherally accentuated CD3+ T-cells. Expression of cytotoxic
markers TiA1, granzyme B and granzyme M are considered
characteristic histopathologic findings of LGLL (18–21).

As T-LGLL can mimic other T-cell lymphoid malignancies,
careful differentiation from lymphomatous and leukemic
disorders affecting T-cells e.g. CLPD-NK, ANKL and from
conditions with reactive LGL expansions, is required. Several
conditions can lead to the development of reactive LGL
proliferation, including viral infections (e.g. HIV, CMV, EBV,
HBV and HCV), hemophagocytic syndrome, immune
thrombocytopenia (ITP), non-Hodgkin lymphoma (NHL),
solid tumors, splenectomy. These are typically poly- or
oligoclonal (2, 7).

Furthermore, differentiation from Felty syndrome with
typical triad of rheumatoid arthritis, neutropenia and
splenomegaly might be difficult (1, 19, 20, 22, 23).

The etiology of T-LGL leukemia is still unknown. It is
believed that the initial step relies on chronic antigen exposure
leading to dysregulation of apoptosis, mainly due to
dysregulation of the JAK/STAT pathway (1). Constitutive
activation of STAT3 is often related to STAT3 gain of function
mutations in 30-40% of T-LGLL (24, 25). STAT5b mutation is
less frequent (2%) but highly prevalent in the rare subset of
CD4+ T-LGL (1, 26–29). Therefore, mutations in STAT3 and
STAT5b were included in the 2017 WHO classification of LGL
disease (3, 12). In addition, proinflammatory cytokines such as
platelet-derived growth factor and IL-6, IL-12, IL-15 contribute
to leukemic LGL persistence and proliferation (30). Interestingly,
Felty syndrome might be associated with somatic STAT3
Frontiers in Oncology | www.frontiersin.org 2
mutations indicating a potential common pathogenesis (23).
STAT3 and STAT5b mutation might have an impact on
clinical outcome, as STAT3 mutation is associated with
symptomatic disease and a specific phenotype: CD16+, CD56-,
CD8+, Tgd. Additionally, the immunophenotypic signature
CD56neg/dim/CD16+/CD57- in CLPD-NK patients is associated
with a more symptomatic disease and the presence of STAT3
mutation (31). T-LGLL harboring a STAT5bmutation and being
CD3+, CD8+, CD56+, CD16– and CD57– shows a more
aggressive course with poor prognosis, whereas expression of
CD4 and CD56 antigens as well as CD56, CD3, Tgd-LGLL are
often associated with a more indolent course (11, 27).

To illustrate our proposed algorithm (see Figure 1), we will
further discuss two clinical cases of LGL-Leukemia.
CASE REPORTS

Indolent Course of a gd T-LGL-Leukemia
A 42 year-old-male was seen by a rheumatologist for joint pain.
However, no rheumatologic disease was found. Due to a
leukocytosis of 17.7 G/l (3.9-10.2 G/L), the patient was referred
to our clinic. B-symptoms or recurrent infections were denied.
Past medical history included diabetes type 2, hypertension
and obesity. The physical examination was unremarkable and
the ultrasound showed neither lymphadenopathy nor
hepatosplenomegaly. Laboratory findings revealed an increase
FIGURE 1 | Algorithm for the evaluation of LGL Leukemia. Adapted from
Lamy et al. and Teramo et al. (1, 11). Rheumatoid arthritis (RA), Non-Hodgkin
Lymphoma (NHL), immune thrombocytopenia (ITP).
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of absolute lymphocytes (7.1 G/L) without neutropenia, anemia
or thrombocytopenia. Serologic examination showed no viral
infection or autoimmune disorder (RF, ANA negative).
Peripheral blood smears demonstrated an increase of
predominantly mature lymphocytes occasionally with
cytoplasmic azurophilic granules. Flow cytometry revealed an
increase in gd T-cells with a CD2+, CD3+, CD16+, CD56+,
CD5+, CD7+ and CD4-/CD8- phenotype, which constituted
approximately 45% (2.1 G/L) of T-cells. Cytogenetic study
showed a normal male karyotype and a T-cell receptor gd gene
rearrangement. In the bone marrow biopsy, a diffuse interstitial
and intrasinusoidal infiltration of atypical CD3+, CD5+ T-
lymphocytes with expression of cytotoxic molecules TiA1 and
Granzyme B was observed. STAT3 mutation was not detected.
An asymptomatic course of T-LGLL was diagnosed, prompting a
watch and wait strategy with laboratory and clinical controls
every 3-6 months. After three years, the patient is in continuous
observation without any symptoms.

gd T-LGL-Leukemia Presenting With
Immune Thrombocytopenia and Pure
Red Cell Aplasia
A 70 year old patient presented with severe normochromic
normocytic anemia with hemoglobin of 2.6 g/dL (13.5-17.2 g/
dL), thrombocytopenia of 50 G/L (150-370 G/L) and normal
total leukocyte and lymphocyte count. Past medical history
encompassed stage II gastric carcinoma 12 years ago that was
treated with gastrectomy and splenectomy, as well as
perioperative chemotherapy. Thirteen months earlier to this
presentation he had been admitted to the gastroenterology
department due to microcytic hypochromic anemia
(hemoglobin 7.5 g/dL) and thrombocytopenia (36 G/L).
Bleeding as well as local recurrence were excluded by gastro-,
colon- and capsule- endoscopy. Additionally, lab results showed
a chronic kidney disease (CKD) with creatinine 2.31 (0.67-1.17 g/
dl) and GFR 27.7 ml/min (>90 ml/min) with a concomitant iron
deficiency assuming a renal anemia with substrate deficiency.
The patient had received iron supplementation plus s.c.
erythropoietin and had been discharged to outpatient care.

Endoscopies showed no evidence of bleeding. Next, the patient
was referred to our hematology department. Neither “B”
symptoms nor recurrent infections were reported. Serology
revealed antibodies against glycoprotein IIb/IIa, Ib/IX
confirming chronic ITP and cortisone therapy was initialized.
Peripheral blood smear examination identified a slightly increased
number of circulating LGL (0,985 G/L). Flow cytometry revealed
an abnormal population of gd T-cells with CD3+, CD16-,
CD57mid, CD56dim, CD8dim and representing 42% of T
lymphocytes. A bone marrow biopsy demonstrated selective
pure red cell aplasia (PRCA), signs of dysmegakaryopoiesis, and
a discrete proliferation of partially intrasinusoidal localized CD8+
CD3+ and TiA1+ T-cells. Granulocytopoiesis was largely regular.
Cytogenetic and fluorescence in situ hybridization evaluation
showed a normal karyotype (46, XY) and no chromosomal or
genetic aberrations ruling out other hematological malignancies
e.g. myelodysplastic syndrome. No viral (Parvovirus B19, HBV,
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HCV, EBV, CMV) or serological (ANA, ANCA, RF) positivity
were found at the initial laboratory workup. Chest and abdominal
computed tomography ruled out the presence of thymoma and
other malignancies. Although STAT3 mutation was not detected,
TCR gene rearrangement showed a clonal pattern of the TCRgd.
These findings were consistent with the diagnosis of T LGL-
associated PRCA. Immunosuppressive therapy was indicated
because of autoimmune mediated thrombocytopenia and blood
cell (RBC) transfusion dependency (every 1-2 weeks). Due to the
patient’s CKD, Cyclophosphamide (CP) p.o. with a dose of 50mg
daily was started with careful monitoring of complete blood count
to avoid myelotoxicity and prednisone therapy was continued.
Erythropoietin injections were stopped. In addition, the patient
received intravenous iron chelation therapy due to high ferritin
levels (> 3800 mg/l). Platelet count and transfusion dependency
improved and the patient is still on CP treatment. Treatment
duration is planned for 6-12 months.

Treatment Considerations and Discussion
As most patients with T-LGLL have an indolent course, only half
of patients require systemic treatment at the time of diagnosis and
overall survival at 10 years is 70%. In asymptomatic patients, a
watch and wait strategy with laboratory and clinical controls every
6 months is suggested. Treatment is only indicated in case of
symptomatic disease or impaired blood values as follows: Severe
neutropenia ANC <0.5 G/L or neutropenia-associated infections,
anemia hemoglobin <10 g/dL or need for RBC transfusion,
thrombocytopenia with platelets <50 G/L, symptomatic
autoimmune diseases, symptomatic splenomegaly, and severe B-
symptoms. The main goal of treatment is relief of symptoms,
reduction of infections and transfusion independence. Disease
related deaths are primarily related to severe infections occurring
in <10% of patients. However LGLL is not curable by conventional
treatment (1, 22, 32).

Immunosuppressive therapy such as methotrexate (MTX),
cyclophosphamide (CP), and cyclosporine (CsA) either alone or
in combination with prednisone remains the backbone of the
treatment for LGL leukemia (1, 22). Initial response might be
quicker when adding prednisone but has no impact on
eradication of LGL clones (4). As therapy responses might be
delayed, patients should be treated for at least 4 months before
response assessment (1, 22). Whether MTX or CP should be
given as first line therapy is not clear. To clarify this situation, a
phase II randomized trial comparing first-line MTX versus CP
(NCT01976182) is ongoing (26).

MTX is often preferred in the setting of neutropenia and/or
rheumatoid arthritis. It is used p.o. or i.v. weekly in a dose of 10
mg/m (2) and can be continued indefinitely if tolerated.
Response is achieved in approximately 55% with time to
response ranging from 2 to 12 weeks and a median duration of
response ranging from 2 to 4 years. In case of severe neutropenia,
oral prednisone (1 mg/kg per day) is administered in addition to
MTX for the first month and tapered off by the end of the second
month (22).

For CP, in a dose of 50-100 mg/m (2), response rates 55–66%
are described. Treatment is limited to no more than 12 months
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(33). Case series demonstrated response rates to CP ranging from
60-100% in LGLL-associated PRCA (34).

If primary therapy is ineffective, a switch between MTX and
CP is suggested (1). Analysis of a French cohort with 229 patients
of LGL showed in 11/15 cases a clinical response with CP failed
treatment of MTX (4). CsA is mostly reserved for the treatment
of resistant disease (24). Dose ranges from 2–10 mg/kg/day,
mostly 3 mg/kg/day and it shows an ORR of 56% and maintained
as long as is it reasonably tolerated (4, 22, 24).

Other second-line agents are bendamustine, purine analogs
and alemtuzumab (25, 32). Alemtuzumab, an anti-CD52
monoclonal antibody, demonstrated an ORR of 74% in a small
phase II trial. However, due to toxicity, its use is limited to
refractory cases and prophylactic antibiotics and CMV
monitoring are necessary (1, 22, 35). Purine analogs (e.g. 2-
chlorodeoxyadenosine, pentostatin and fludarabine) display a
high ORR of 80% with a short period of treatment (1-3 courses)
and the potential of inducing durable remission. However, data is
limited and based on small case series and case reports (22, 33,
36–39).

There is no consensus regarding clinical management of
aggressive forms of LGLL. Clinical behavior is close to
aggressive leukemia and some clinicians propose a CHOP-like
based or cytosine arabinoside-containing polychemotherapy,
followed by autologous or allogeneic hematopoietic cell
transplantation (1, 32, 40).

Considering the pathogenesis of LGL leukemia, various
specific inhibitors were evaluated in T-LGLL. Tofacitinib, a
JAK3-specific inhibitor, showed in T-LGLL patients an
improvement of RA symptoms and a hematological response
in 6/9 (67%) cases (26, 41). BNZ-1 a multi-cytokine inhibitor
that inhibits interleukin (IL)-2, IL-15 and IL-9 signaling showed
promising results in reducing cytokine mediated cell survival
being investigated in a phase I/II trial (42). However, results are
pending. The histone deacetylase (HDAC) inhibitor Belinostat
has recently demonstrated a marked activity in refractory T-LGL
(43). Interestingly, anti-CD20 MoAb Rituximab showed
promising response in RA-associated LGL-leukemia (44).

Our first patient had a rare subtype of T-LGL with a specific
phenotype: CD3+, CD16+, CD56+ and CD5+ but CD4-/CD8-.
Regarding differential diagnoses, CD4-/CD8- T-LGL displays an
immunophenotype and clinical pattern overlapping with the
Frontiers in Oncology | www.frontiersin.org 4
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(HSTCL). (45) (p4)As HSTCL is usually CD5 and CD57
negative, it is helpful in distinguishing it from Tgd-LGLL (46).
Moreover, in contrast to described cases in literature, our patient
showed an asymptomatic course without splenomegaly or
autoimmune cytopenia (11, 27, 47). A STAT3 mutation was
not detected. According to Teramo et al., CD3+, CD56+ and
Tgd- LGLL seems to correlate with an indolent presentation,
which is compatible with the immunophenotypic profile and
indolent course of our patient (11).

Our second patient with a gd-T cell subpopulation being
CD3+, CD16-, CD57mid, CD56dim gd-T cells showed a
symptomatic course with ITP and PRCA. T-LGL is seen in
15% to 20% of patients with PRCA (48). Frequent red blood cell
transfusions caused iron overload. Treatment with cortisone and
CP resulted in transfusion independence and further confirmed
the therapeutic potential of CP for T-LGLL combined with
PRCA. The precise underlying mechanism of CP in LGLL-
associated PRCA is still not known. It is suspected to work by
reducing cytotoxic T-lymphocytes that damage antibody-bound
erythroblasts directly (49).

In conclusion, LGL is a rare disease and prospective data are
scarce. Diagnosis of LGL is complex and oligosymptomatic
clinical presentation can delay diagnosis. Patients with LGL
cells as described above should prompt a careful workup to
rule out reactive LGL expansion from clonal LGL leukemia.
Differential blood count, blood smear, immunophenotyping and
TCR-rearrangement analysis are mandatory. If diagnosis of
LGLL is confirmed, close controls depending on severity of
either symptoms or lab findings are necessary for patients
requiring therapy. However, the majority of cases are indolent
and close monitoring is necessary.
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